Various types of layer structures obtained by direct bonding of oxidised silicon wafers were studied by means of different X-ray topographic methods using white synchrotron beam and the observation of selective etching pattern using scanning electron microscopy and optical microscopy with Nomarski contrast. In the present investigation the particularly important results were obtained with synchrotron section topography, which revealed different defects caused by bonding of thick wafers, in particular the dislocations and microcracks. The different situation was observed in the case of bonding with a very thin layer separated from a silicon substrate by high dose proton implantation. In this case a thin layer accommodated practically all induced strain and the bonded oxidised thick substrate remained defect-free in its inner volume.
Introduction
The method of direct bonding is an object of intensive studies both in view of its technological applications and new interesting physical phenomena. This methods significantly widens the possibility of manufacturing of new layered structures especially placing of the layers without threading dislocations when the epitaxial growth is extremely difficult.
In the present work the structures obtained by direct bonding of oxidised silicon wafers were studied. These layers are of great perspective application in SOI (silicon on insulator) technology. The application of X-ray methods to bonded oxidised silicon samples was in particular presented by Maszara et al. [1, 2] and . Hartwig et al. [3] .
(283)
Experimental
In the present experiment the three types of multilayer structures obtained by direct bonding of silicon samples with an oxide layer were studied, namely:
1. Structure formed by bonding of two 400 m thick double-side oxidised silicon wafers.
2. Structure made as the previous one, but with major part of one wafer removed by mechanical-chemical polishing and only 40 pm of the wafer left.
3. Structure formed by direct bonding of one 400 m double-side oxidised silicon wafer with silicon implanted to a very high dose with 50 keV protons. In this case the implanted crystal is decomposed leaving 0.5 /.gym thick shot-through layer bonded to the oxidised wafer.
All bonded layers were (100) oriented.
The most important results were obtained using synchrotron section topography both in back-reflection and transmission geometry. The synchrotron micro-Laue method and white beam projection topography were simultaneously used in synchrotron experiments.
The Bragg-case section topographs and the micro-Laue method enabled analysis of the mutual disorientation of bonded wafers. If two spots coming from bonded two wafers corresponding to the same reflection are identified the interpretation of their mutual displacement is as follows. The radial component of the displacement is the doubled rotation of the diffraction vector in the plane of diffraction. The tangent component of the displacement is the rotation of the diffraction vector perpendicular to the diffraction plane divided by the cosine of the angle between the direction of actual tangent in the film and the normal to the diffraction plane.
The selective etching pattern was observed with SEM and optical microscope with Nomarski contrast in the second type of samples. The selective etching is otherwise much more difficult at oxidised surfaces, and was not yet successfully performed in other types of presently examined samples.
Results and discussion
The present investigation revealed a significant difference between the first two types of investigated structures and the third one. In the first two cases the X-ray topographic methods indicated the presence of relatively high concentration of defects in the both wafers forming the investigated structures. This result is in particular illustrated by section topographs shown in Figs. 1 and 2 . The defects in these topographs are not well resolved, but these results evidently point their uniformly distributed in the whole thickness of the bonded wafers. In Fig. 1 we may also notice the elements of lattice polygonisation, and some quasi-linear defects.
As may be noticed in Fig. 2 the 40 m thickness of the polished wafer resulted in the much smaller width of the corresponding stripe. The topograph also indicates a relatively high concentration of the defects in the whole thickness of the bonded layer. Differently than the section topograph, the projection topograph . shown in Fig. 3 reveals mainly the distribution of defects along the surface. The rounded contours may correspond to pressed accidental pollution. The projection topography is on the other hand much less sensitive to various defects than section topography. The high concentration of defects in the bonded samples was confirmed by observation of the selective etching pattern illustrated by Figs. 4a and b . The long objects visible in both pictures correspond to the local microcracks. The scanning electron microscope image presents the region with larger concentration of microdefects (i.e. probably small dislocation loops) while in the second picture we may observe a considerable concentration of dislocations. It may be noted that great part of contrast seen in the section topograph corresponds to the microdefects producing shallow etch pits and the visibility of these defects seems to be unusually greater in the present synchrotron experiments. This fact points the possible development of dislocation loops connected with microdefects, caused by considerable strain present in the investigated samples.
The other interesting result was obtained using Bragg-case section topographs for the third type of structures with thin layer separated by proton implantation (Fig. 5) . In this case the section pattern with a glancing angle close to 10° exhibited the interference fringes characteristic of the bent single crystal only slightly disturbed by fragments of bonded layer. The topograph with small glancing angle provided the image of the inhomogeneities of the bonded thin layer.
These fringes prove that bonding with thin layer (easy deforming), differently than in previous samples, did not introduce any defect structure.
Conclusions
The three different types of structures obtained by direct bonding of oxidised silicon layers were studied using the X-ray diffraction methods realised using white synchrotron beam and observation of selective etching patterns.
The very important point of the investigations was the use of Bragg-case synchrotron section topographs. In the case of structures obtained by bonding of thick oxidised layer we observed a large concentration of defects in the whole thickness of the bonded layers. The SEM and Nomarski observations of selective etching pattern contrast indicated presence of microcracks, dislocations and microdefects producing shallow etch pits. The last type of defects is interpreted as due to small dislocation loops.
The bonding with a very thin layer obtained by high dose proton implantation did not introduce the defects to the bonded wafer.
